Wolbachia are endosymbiont bacteria of the family Rickettsiacea that are widespread in invertebrates and occur between 20% and 60% of Neotropical insects. These bacteria are responsible for reproductive phenomena such as cytoplasmic incompatibility, male killing, feminization and parthenogenesis.
INTRODUCTION
Wolbachia are intracellular obligatory bacteria of the family Rickettsiacea that occur in a wide range of arthropods and nematodes. These bacteria are maternally inherited by horizontal transmission (26, 29) and enhance their propagation by altering the reproductive system of their host in various ways, e.g., by cytoplasmic incompatibility, male killing, feminization and parthenogenesis (19, 24) .
Molecular markers have been extensively used to detect
Wolbachia. For example, primers for 16S rDNA (a ribosomal gene), ftsZ (a regulatory gene of the bacterial cell cycle) and 779
Marcon, H.S. et al.
Sensitivity of primers for detecting Wolbachia wsp (a gene for an cell membrane protein) have been used to study the phylogenetics of Wolbachia (2, 6, 18) and have led to the division of Wolbachia into eight taxonomic supergroups (A to H) (12, 13, 27) . The initial studies in this field were done with 16S rDNA primers and identified two groups, A and B, that diverged about 50 million years ago and are widely distributed in insects (14, 27) .
The ftsZ gene was extensively used by Werren and colleagues (27, 28) to detect Wolbachia, but several studies have demonstrated its low sensitivity (3, 9, 30, 31 Coscrato (4) and Mascarenhas (17) showed that 16S and wsp primers varied in their ability to detect Wolbachia in different Anastrepha species; studies with other fruit fly genera, such as Bactrocera (8, 11, 25) , Rhagoletis cerasi (20) and 
MATERIALS AND METHODS
Sixty-six fruit fly larvae collected from guava (Psidium guajava) and chapeu-do-sol (Terminalia catappa) fruits in three regions of the State of São Paulo, southeastern Brazil (Table 1) , were stored in boxes with vermiculite and transported to the laboratory, where the larvae were allowed to develop to pupal stage. The pupae were subsequently removed and allowed to grow to the adult stage for species identification, after which they were stored in 70% ethanol at - 
RESULTS AND DISCUSSION
Wolbachia was detected in all of the DNA fragments generated by the 16S and wsp primers in Anastrepha species 1, In some samples, the wsp B primer generated fragments that suggested the presence of supergroup B ( figure 1A ).
However, this result was considered to be a false positive since no fragments were generated by the primer for 16S B rDNA We also compared the results obtained for the ftsZ primer with those for the 16S and wsp primers, particularly since data generated by the former primer have sometimes led to the misidentification of Wolbachia. No Wolbachia were detected in the 66 samples incubated with the ftsZ primer, a finding in agreement with previous studies that have also used this primer to screen for these bacteria in other insects (7, 9, 30) .
The ftsZ gene is of particular importance because of the potential usefulness of its product for detecting Wolbachia, identifying supergroups and performing phylogenetic analyses.
We therefore sought to optimize the PCR protocol for this primer by altering the concentrations of DNA, MgCl 2 , dNTPs, primers and Taq DNA polymerase and quality of the DNA in order to detect Wolbachia in Anastrepha (Table 2) . When the volume of DNA in the reaction was decreased to 3 µl (50 ng/ul), Walbachia was detected in 27% of Anastrepha sp.1 (Jacareí) samples (Table 3) . Based on these results, this volume of DNA was used in subsequent reactions. Sensitivity of primers for detecting Wolbachia Table 2 . Modifications in the reagent concentrations and volumes of the PCR reactions (ftsZ I-VIII) used to detect Wolbachia in Anastrepha with the ftsZ primer.
*Alteration in PCR conditions (reagent concentration and/or volume). Table 3 . Efficiency of the ftsZ primer in detecting Wolbachia in Anastrepha samples using the altered protocols (ftsZ I-VIII) described in Table 2 .
Samples Protocols
A.sp.1 (Jac) A.sp.1 (SN) A.sp.2 (Cag) A.sp.3 (Cag) of the samples (Table 3) . However, this protocol showed poor reproducibility for the same sample analyzed at different times (Figure 2A, B) . Similar findings were reported by Jeyaprakash and Hoy (9) for other arthropod species and these authors proposed that DNA present in the reaction could interfere with
Taq DNA polymerase activity to generate false negatives.
Werren and Windsor (30) observed that the quality of DNA was a determinant factor in the successful detection of Wolbachia with the ftsZ primer and recommended that only newly extracted DNA be used for the PCR, i.e., one should avoid using DNA stored at -20 o C. To examine the influence of DNA quality on the detection of Wolbachia with the ftsZ primer we extracted DNA from Anastrepha sp.1 (Jacareí and Serra Negra) and used it in protocol VIII, along with the wsp and 16S rDNA primers. In these conditions, Walbachia was detected in 20.2% of the samples screened with the ftsZ primer (Table 3) , whereas all of the samples tested with the wsp and 
